We have proposed that hepatitis C virus should be classified into eleven genetic groups (types) which further divide into more than 80 genotypes (subtypes). However, only eight genetic groups (1-6, 10 and 11) have been defined on the basis of the fulllength sequence. Hence, the entire nucleotide sequences of three HCV isolates in genetic groups 7-9 have now been determined. Phylogenetic analysis over the full-length sequences of these three isolates, along with 30 more in the other eight genetic groups, indicated that genetic groups 6-9 and 11 have bifurcated from a common branch and groups 3 and 10 from another. In the former branch groups 7 and 11, and groups 8 and 9, are closely related. Consequently, HCV can be classified into either eleven (1-11) or six groups (1 ; 2 ; 3 and 10 ;
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Since the discovery of hepatitis C virus (HCV) by the research group at Chiron Corporation (Choo et al., 1989) , many virus isolates have been recovered from infected individuals and the sequence determined either entirely or Author for correspondence : Makoto Mayumi.
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The nucleotide sequence data reported in this paper will appear in the DDBJ, EMBL and GenBank nucleotide sequence databases under the following accession numbers : D84262 for isolate Th580, D84263 for VN235, D84264 for VN405, D84265 for VN004, D84398 for UD254 and D86529-D86543 for the 15 isolates BA045, BA047, BA107, RU169, SD001-SD004, SD006, SD008, SD015, SD016, SD024, SD033 and SD035, respectively. 4 ; 5 ; 6-9 and 11), allowing a clear separation of group and genotype similarity within the NS5b region or a subregion of 1093 nt. When pairwise comparison of 1093 nt in the NS5b sequence was performed on 106 HCV isolates of 36 genotypes in eleven genetic groups, they were classified into either eleven (1-11) or six (1 ; 2 ; 3 and 10 ; 4 ; 5 ; 6-9 and 11) genetic groups. However, group and genotype similarities were not clearly separable in either classification. The overlapping range was smaller using the classification into eleven genetic groups as compared to six genetic groups (2n7 vs 4n7 %). These results indicate that HCV might not have evolved in the two-tiered fashion, at least in a strict sense.
partially. Comparison of these sequences has revealed a wide range of genomic variability for HCV, which occurs in two tiers. Simmonds (1995) classified HCV isolates based on variation in an NS5b sequence of 222 bp, and found that they clustered into six types which further divide into subtypes. We have found, also, that HCV isolates can be classified into genetic groups (types in Simmonds' classification) which break down into genotypes (subtypes) (Miyakawa et al., 1995) . They correspond to the major genetic groups and subgroups, respectively, in the classification of Bukh et al. (1995) .
We have reported additional genetic groups : 7, 8 and 9 identified for HCV isolates from Vietnam (Tokita et al., 1994 a) , and 10 and 11 identified for isolates from Jakarta, Indonesia (Tokita et al., 1996) . However, it is a matter of controversy whether HCV isolates are classified into eleven genetic groups. It has been proposed that genetic groups 7-9 and 11 should be Table 1 . Percentage similarity of the three HCV isolates in genetic groups 7-9 to 30 isolates with the full-length sequence known for the entire genome and within various subgenomic regions
The three HCV isolates of genotypes in genetic groups 7-9 were compared with the 30 isolates for which the entire or nearly-entire sequence is known : HCV-1 (genotype I\1a : accession no. M62321), HCV-H (I\1a : M67463), HC-J1 (I\1a : D10749), HCV-J (II\1b : D90208), HCV-BK (II\1b : M58335), HC-J4\83 (II\1b : D01217), HC-J4\91 (II\1b : D10750), HCV-JK1 (II\1b : X61596), HCV-JT (II\1b : D01171), HCV-JTh (II\1b : D01172), HCV-N (II\1b : S62220), HC-C2 (II\1b : D10934), HCV-HB (II\1b : L02836), HCV-L1 (II\1b : M96362), HCV-L2 (II\1b : U01214), HCV-T (II\1b : M84754). HC-G9 (1c : D14853), HC-J6 (III\2a : D00944), HC-J8 (IV\2b : D01221), BEBE1 (2c : D50409), NZL1 (V\3a : D17763), K3A\650 (V\3a : D28917), HCVCENS1 (V\3a : X76918), HCV-Tr (3b : D26556), ED43 (4a : Y11604), EUH1480 (5a : Y13184), EUHK2 (6a : Y12803), Th580 (6b : D84262), JK049 (10a : D63821), JK046 (11a : D63822).
Region
No. of
Whole* 9316-9415 67n2-74n8 6 6 n 3-73n3 65n9-73n0 5h UTR 279-338 92n9-99n4 9 2 n 6-97n9 92n9-98n8 Coding region 9006-9048 66n2-73n8 6 5 n 3-72n5 64n9-72n1 C 573 77n7-86n7 7 7 n 8-87n6 77n3-87n1 E1 576 56n6-70n3 5 8 n 0-69n6 57n1-68n1 E2\NS1 1269-1284 63n5-68n6 6 2 n 9-67n0 62n6-69n9 NS2 591 58n2-69n7 5 6 n 2-69n2 54n5-68n4 NS3
1950-1953 68n2-76n5 6 8 n 1-75n3 67n5-74n8 NS4a 162 56n2-73n5 5 7 n 4-75n9 58n6-74n1 NS4b 783 65n9-74n8 6 4 n 2-73n2 65n0-71n9 NS5a 1326-1353 58n1-66n4 5 9 n 7-67n1 57n1-67n9 NS5b 1773 68n5-78n8 6 8 n 2-76n5 67n5-75n2 3h UTR* 22-32 25n0-81n3 3 4 n 5-75n9 35n7-81n8 * The sequence before the poly(U) stretch was compared. EUHK2\6a was excluded from the comparison, because only 3 nt are known for its 3h UTR sequence.
included in group 6, due to a smaller inter-group variation within groups 6-9 and 11, as compared to groups 1-6 (de Lamballerie et al., 1997 ; Mizokami et al., 1996 ; Simmonds et al., 1996) . There has been a growing consensus among HCV genotypers that the classification and nomenclature of HCV genotypes should be based on, and defined by, the entire genomic sequence. At least 29 HCV isolates have been sequenced over the entire or nearly entire genome (isolate names and accession numbers specified in the footnote to Table 1 ). However, these isolates cover only eight (1-6, 10 and 11) of the eleven genetic groups. We now report the full genomic sequences of HCV isolates in genetic groups 7-9. Sequence comparison of HCV isolates from all eleven genetic groups, over the entire genome and specific subgenomic regions, may contribute toward a better classification of HCV isolates into genetic groups and genotypes.
Methods
Determination of the full-length sequence of HCV. Sequences of the 5h-terminal 1n6 kb and 3h-terminal 1n1 kb were determined for virus isolates VN235 of genotype 7b, VN405\8b and VN004\9a from Vietnamese blood donors and Th580\6b from a Thai blood donor (Tokita et al., 1994 (Tokita et al., a, 1995 The respective sequence was amplified by PCR with universal primers deduced from the conserved areas in reported HCV genomes or primers specific for each of the four isolates. Amplification was performed with TaKaRa ExTaq (TaKaRa Biomedicals) in combination with Taq Extender PCR additive (Stratagene) or TaqStart Antibody (Clontech). Longdistance PCR was performed for 30 cycles (94 mC, 30 s ; 55-60 mC, 30 s ; and 72 mC, 3-6 min). Amplified cDNA fragments were cloned in M13 phage vector, and sequences were determined on three clones each to obtain the consensus sequence.
The 3h-terminal sequence of HCV genomes, downstream of the poly(U) stretch, was determined within two domains. A 5h-terminal domain including the poly(U) stretch was determined on cDNA clones obtained by PCR with primer F589 (5h CAG AGA GGC CAG TAT CAG CA 3h), complementary to nt 69-88 in the 3hX tail, or F597 (5h CTG CAG TCA TGC GGC TCA CG 3h), complementary to nt 45-64 in the 3hX tail and corresponding to primer R5 of Tanaka et al. (1996) . Amplification was done on cDNA with sense primers having sequences upstream of the poly(U) stretch of each isolate and the antisense primer F589 or F597. To obtain the extreme 3h-terminal sequence overlapping with this region, RNA was tailed with poly(A) polymerase (TaKaRa Biomedicals), and converted to cDNA with a 43-mer primer (F171) with (T) "( by the method described by Okamoto et al. (1992 b) . Using the cDNA as a template, amplification was performed by single-sided PCR (Okamoto et al., 1992 b) . Two DNA fragments from each isolate were sequenced and the consensus sequence of three or more clones was determined.
Determination of an NS5b sequence. An NS5b sequence of 1093 bp spanning nt 8279-9371 in isolate HC-J4\83 of genotype 1b [genotype II in the classification of Okamoto et al. (1992 b) ] was determined for 16 isolates by the method described previously (Tokita et al., 1994 b) . The isolates were : BA107 in group 1 ; UD254, RU169, BA045 and BA047 in group 2 ; and SD001, SD002, SD003, SD004, SD006, SD008, SD015, SD016, SD024, SD033 and SD035 in group 4 ; the origins of these have been reported previously Lvov et al., 1996 ; Okamoto et al., 1996) . The consensus sequence was determined on three clones propagated from each isolate.
Phylogenetic analyses. The evolutionary distance was estimated by the 6-parameter method (Gojobori et al., 1982) , and phylogenetic trees were constructed by the neighbour-joining method (Saitou & Nei, 1987) , using a molecular evolutionary analysis system for DNA and amino acid sequences (National Institute of Genetics, Mishima, Japan).
Results
The entire genomic sequences of three HCV isolates in genetic groups 7-9
The genomic length, from the 5h UTR to the 3hX tail [including the longest poly(U) stretch of the sequenced clones], was 9615 nt in VN235\7b, 9601 nt in VN405\8b and 9621 nt in VN004\9a (accession nos D84263-D84265). The coding region comprised 9039 nt (3013 aa) in VN235\7b, 9048 nt (3016 aa) in VN405\8b and 9045 nt (3015 aa) in VN004\9a. Of the nine subgenomic regions in the coding region, the length was the same for the C gene (573 nt or 191 aa), E1 (576 nt or 192 aa), NS2 (591 nt or 197 aa), NS3 (1953 nt or 651 aa), NS4a (162 nt or 54 aa), NS4b (783 nt or 261 aa) and NS5b (1773 nt or 591 aa) regions. However, the length of the E2\NS1 region was different and spanned 1272 nt (424 aa) in VN235\7b, 1284 nt (428 aa) in VN405\8b and 1281 nt (427 aa) in VN004\9a. The size of the E2\NS1 protein in VN235\7b (424 aa) is shorter than the 426-433 aa in the 30 HCV isolates of known full-length sequence, including isolate Th580, genotype 6b, described below. The length of the NS5a region was 1353 nt (451 aa) in VN405\8b and VN004\9a, but 1356 nt (452 aa) in VN235\7b. The amino-terminal 25 aa in the E2\NS1 region were variable, even among three clones of the individual isolate. One amino acid at the amino terminus was absent in VN405\8b and VN004\9a.
The three isolates in genetic groups 7-9 possessed, in the E2\NS1 region, eight potential N-glycosylation sites in common. There was an additional N-glycosylation sites at aa 430 [numbered as in HC-J4\83 ] in VN235\7b, VN405\8b and VN004\9a, and at aa 755 in VN405\8b. The other N-glycosylation site around aa 576, found in all 30 HCV isolates with known full-length sequences, is absent in VN235\7b. The three isolates had 21 cysteine residues in common in the E2\NS1 region. Additionally, there were two cysteine residues in VN235\7b and two in VN004\9a at the carboxyl-terminal section of this region.
In the NS5a region, the three isolates in genetic groups 7-9 possessed an insertion of one codon after codon 2279 and an insertion of four codons after codon 2383 relative to the isolates in the other genetic groups. VN235\7b had an additional insertion of one codon after codon 2376. A deletion of one codon was found in VN235\7b and VN004\9a after codon 2412.
The entire genome of an HCV isolate (Th580\6b) in genetic group 6 was sequenced in the present study (accession no. D84262). It comprised 9628 nt [in comparison with 9340 nt in the EUHK2 isolate of 6a reported by Adams et al. (1997) ], with a coding region for 3019 aa compared to 3018 aa for EUHK2. The two isolates had a nucleotide sequence similarity of 79n2 % and an amino acid sequence similarity of 86n6%. Within the coding region, the C gene showed the highest similarity (86n7 %). The sequence of 283 nt of the EUHK2\6a 5hUTR is known, and it shows a similarity of 97n9 % to the corresponding part of the 342 nt 5hUTR of Th580\6b. Since for EUHK2\6a only 3 nt of the 3hUTR sequence are known, the 229 nt sequence of the Th580\6b 3hUTR served as a representative for group 6 for comparison with isolates in the other genetic groups (Fig. 1) . Table 1 compares the sequences of the three HCV isolates in genetic groups 7-9 against the 30 isolates in the other eight genetic groups for which the entire or nearly entire sequences are known. The nucleotide sequence of the ORF in the three HCV isolates was 64n9-73n8 % similar to the other 30 isolates. The lowest similarity was between VN004 in group 9 and HC-J8 in group 2, and the highest between VN235\7b and JK046\11a. Within the nine regions in the ORF, the three isolates showed the following highest similarities to the 30 isolates : 87n6 % in the C gene, 70n3 % in the E1 region, 69n9% in E2\NS1, 69n7 % in NS2, 76n5 % in NS3, 75n9 % in NS4a, 74n8 % in NS4b, 67n9 % in NS5a and 78n8 % in NS5b.
The extreme 3h-terminal sequences of three HCV isolates in genetic groups 6-9
The 3hX tail, preceded by a transitional region downstream of the poly(U) stretch, was compared among HCV isolates in various genetic groups for which the sequence is known (Fig.  1) . The three new sequences, HCV isolates VN235\7b, VN405\8b and VN004\9a, all possessed the 3hX tail. The length of the poly(U) stretch varied even among the three clones from each isolate, with the longest measuring 71 nt for VN235\7b, 54 nt for VN405\8b and 81 nt for VN004\9a. Fig. 1 . Nucleotide sequences in the 3h UTR. The sequences of the three HCV isolates in genetic groups 7-9 are shown along with those of 13 isolates for which the sequence is known. Dashes represent the same nucleotides as in VN235/7b and a slash indicates deletion of the nucleotide. The sequences of H, RB, WS, WD and 43E (genetic groups are not specified for WD and 43E, except that they do not belong to groups 1-3) have been reported by Kolykhalov et al. (1996) , those of 1B-1, SERUM X and SERUM Y by Tanaka et al. (1996) , and those of 42, 865, EM22 and B1 by Yamada et al. (1996) . The termination codon is boxed, and the transitional region in the upper rows is demarcated by lines.
Sporadic mutation from U to G or U to C was observed, which differed among clones from the same isolate. The poly(U) stretch was followed by a transitional region spanning 37 nt in VN235\7b, 34 nt in VN405\8b and 32 nt in VN004\9a. This stretch also varied in length among clones from the same isolate. In evaluating variation in the poly(U) stretch, however ; possible artifacts of RT-PCR amplification would need to be taken into account.
The sequence of the 3hX tail was identical among three or four clones from the individual HCV isolates. The sequence was conserved within three HCV isolates in groups 7-9 with a change of the 75th nucleotide from A to U in VN235\7b (as in some reported HCV isolates) or deleted in VN004\9a (unlike in any other isolates). Thus, VN004\9a possessed a 97 nt 3hX tail, one nucleotide shorter than all the other isolates in various genetic groups. The three HCV isolates in groups 7-9, as well as Th580\6b in group 6, had U at nt 92 unanimously, which is A in all other reported isolates.
Phylogenetic analysis and pairwise comparison of the 33 HCV isolates in genetic groups 1-11
Combined with the three HCV isolates in groups 7-9, the entire genomic sequences were available for 33 isolates. They included 17 in genetic group 1 ; three in group 2 ; four in group 3 ; two in group 6 ; and one each in groups 4, 5 and 7-11. Of the eleven genetic groups, 6-9 and 11 bifurcated from the common trunk, and 3 and 10 from another (Fig. 2) . Accordingly, the 11 genetic groups clustered into six different batches. Table 2 lists the isolate, genotype and group similarities of the 33 HCV isolates in a total of 528 pairwise comparisons, when they were classified into six (group 1 ; 2 ; 3 and 10 ; 4 ; 5 ; and 6-9 and 11) or eleven clusters. In the classification into six clusters, a clear separation between group and genotype similarity was observed for the entire coding region (0n9 %), NS2 (0n5 %) and NS5b (1n0 %). A separation greater than 1n0% was not observed. In the classification into eleven clusters, a separation between group and genotype similarities was apparent for the comparison of NS5b (0n4 %) and a partial NS5b sequence of 1093 bp (1n0 %). There was an overlap of 0n3 % between group and genotype similarities in the comparison of the entire coding region.
These results indicate that a separation of 1n0 % between group and genotype similarity was not achieved in any genetic region, including the entire coding region, by grouping into either six or eleven clusters, and that the partial NS5b sequence 
Determination of an NS5b sequence of 1093 bp in 16 HCV isolates
On the assumption that an NS5b sequence of 1093 bp (spanning nt 8279-9371 in HC-J4\83) would be suitable for the classification of HCV isolates with an optimal separation of group and genotype similarities, this sequence was determined for 16 isolates (accession nos D84398 and D86529-D86543 as well as those specified in Fig. 3 ). UD254 had sequence similarities of 94n6 % and 93n2 %, respectively, to two HCV isolates, FR866 and BEBE1 of genotype 2c (Nakao et al., 1996 ; Okamoto et al., 1996) . BA107 was similar at the level of 92n7% and 93n6 %, respectively, to NL29 and NL35 of genotype 1d (Stuyver et al., 1995) . Six isolates (SD001, SD003, SD004, SD016, SD024 and SD033) were similar at the level of 92n4-94n3 % to ED43\4a . Hence, these eight HCV isolates would be of genotypes 2c, 1d or 4a.
SD006 and SD008 were similar to each other at the level of 95n3 % within the NS5b sequence of 1093 bp and at the level of 91n2-93n6 % to reported HCV isolates of genotype 4d within the NS5b sequence of 329 bp (nt 8279-8607 in HC- The 33 isolates were classified into six clusters (genetic groups 1 ; 2 ; 3 and 10 ; 4 ; 5 ; 6-9 and 11) or eleven clusters. Non-overlapping similarity is shown in bold type with the difference between genotype and group similarities indicated next to the brace.
Six clusters Eleven clusters
Coding Isolate 89n8-99n0 89n8-99n0 region Genotype Group 71n1-79n4 64n2-70n2 5 6 7 8 0n9% 76n2-79n4 64n2-76n5 C Isolate 93n5-99n7 9 3 n 5-99n7 Genotype 81n5-91n1 8 1 n 7-91n1 Group 76n8-86n6 7 6 n 8-87n6 E1 Isolate 88n9-98n4 8 8 n 9-98n4 Genotype 61n8-76n9 6 9 n 3-76n9 Group 52n1-67n2 5 2 n 1-70n3 E2\NS1 Isolate 84n6-98n5 8 4 n 6-98n5 Genotype 66n7-76n1 7 1 n 2-76n1 Group 60n5-69n1 6 0 n 5-72n4 NS2 Isolate 84n8-99n5 84n8-99n5 Genotype Group 65n0-75n8 53n8-64n5 5 6 7 8 0n5% 66n5-75n8 53n8-73n1 NS3 Isolate 89n5-99n0 8 9 n 5-99n0 Genotype 73n1-81n4 7 5 n 9-81n4 Group 66n8-73n4 6 6 n 8-78n5 NS4a Isolate 85n2-100n0 8 5 n 2-100n0 Genotype 70n4-88n9 7 2 n 2-88n9 Group 56n2-77n8 5 6 n 2-84n0 NS4b Isolate 89n1-99n9 8 9 n 1-99n9 Genotype 70n5-82n5 7 4 n 7-82n5 Group 62n5-70n9 6 2 n 5-77n8 NS5a Isolate 89n1-99n0 8 9 n 1-99n0 Genotype 62n4-76n7 7 0 n 2-76n7 Group 56n6-67n9 5 6 n 6-71n8 NS5b Isolate 92n0-99n2 9 2 n 0-99n2 (Total) Genotype Group 74n8-83n7 67n5-73n8 1n0% NS5b Isolate 89n2-99n5 8 9 n 2-99n5 (222 bp) Genotype 67n1-82n9 7 4 n 3-82n9 Group 57n2-72n1 5 7 n 2-75n7 J4\83). Therefore, they would be of this genotype. The two isolates were similar at the level of 86n1-87n0 % to an HCV isolate of genotype 4a (ED43) within the NS5b sequence of 1093 bp, and 79n9-86n6 % to HCV isolates of genotypes 4c, 4e, 4f, 4g or 4h within an NS5b sequence of 328-329 bp (Stuyver et al., 1994) . Accordingly, the two isolates would belong to genetic group 4. They were similar at the level of 79n9-85n1 % to HCV isolates of Fig. 3 . Phylogenetic tree constructed from the NS5b sequence of 1093 bp for 106 HCV isolates. Evolutionary distance was estimated by the 6-parameter method, and the tree was constructed by neighbour-joining. RU169\2j 82n7-86n6 8 2 n 4 8 4 n 8-85n4 8 4 n 8 7 3 n 3-78n0 -6 7 n 9-71n6 BA045\2k 84n0-86n0 8 2 n 1 8 3 n 9-85n4 8 4 n 8 7 3 n 8-77n6 8 7 n 6 -6 7 n 0-71n3 BA047\2l 81n7-86n1 8 4 n 8 8 2 n 3-84n8 8 4 n 2 7 5 n 2-81n5 8 4 n 4 8 3 n 6 -67n7-71n6
* Comparison was made with HCV isolates of genotypes III\2a, IV\2b , 2c , 2e and 2f (Tokita et al., 1995) within an NS5b sequence of 1093 bp, as well as with those of genotypes 2d, 2e, 2f (Stuyver et al., 1995) and 2(I) , within NS5b sequences of the lengths indicated. Table 4 . Ranges of isolate, genotype and group similarity (%) within two different areas in the NS5b region in the classification of 106 HCV isolates into six and eleven genetic groups
The 106 isolates were classified into six genetic groups (1 ; 2 ; 3 and 10 ; 4 ; 5 ; 6-9 and 11) or eleven genetic groups (Tokita et al., 1996) . An overlapping range between genotype and group similarities or between isolate and genotype similarities is indicated at the side of the braces. 2.2 % genotypes 4i-4k within an NS5b sequence of 329 bp (Stuyver et al., 1995) . There were three HCV isolates which would be classified into novel genotypes in genetic group 2 (Table 3) . Isolates RU169, BA045 and BA047 were deduced to have new genotypes provisionally designated 2j, 2k and 2l, respectively, based on sequence comparison within the NS5b sequence of 1093 bp or shorter sequences against reported HCV isolates in genetic group 2 and those in the other genetic groups Stuyver et al., 1995 ; Tokita et al., 1995) .
The three remaining HCV isolates were in genetic group 4. SD002 and SD015 were similar to each other at the level of 93n2 % within the NS5b sequence of 1093 bp and at the level of 85n6-87n4 % to reported HCV isolates of genotype 4a or 4d. They were different from HCV isolates of genotypes 4c, 4e, 4f, 4g and 4h (Stuyver et al., 1994) , and have a sequence similarity of only 80n9-83n5 % to those of genotypes 4i, 4j and 4k (Stuyver et al., 1995) . Therefore, they were tentatively assigned a new genotype in group 4, named 4l. SD035 was similar at the level of 86n8-88n7 % to 4a, 4d and 4l within the NS5b sequence of 1093 bp, and did not belong to 4c, 4e, 4f, 4g or 4h. It was similar to 4i, 4j and 4k at the level of only 79n4-82n6 % within the NS5b sequence of 324-327 bp and at the level of 88n0 % and 88n2 % to SD002 and SD015 within the NS5b sequence of 1093 bp, respectively. Hence, SD035 was considered to possess a new genotype in group 4, provisionally designated 4m.
Classification of 106 HCV isolates by sequence comparison within the NS5b sequence of 1093 bp
The NS5b sequence of 1093 bp was available for 106 isolates, including the 16 HCV isolates for which the sequence was determined in the present study. These 106 comprised 33 HCV isolates with the entire nucleotide sequence known and 73 isolates of 36 genotypes in genetic groups 1-11, of which 15 were in genetic groups 4 and 5. Fig. 3 depicts the phylogenetic tree constructed by comparison of the 106 HCV isolates within the NS5b sequence of 1093 bp spanning nt 8279-9371. The root of this tree was tentatively taken as the midpoint of the longest path. The tree supports possible classification of HCV isolates into either eleven or six genetic groups (1 ; 2 ; 3 and 10 ; 4 ; 5 ; 6-9 and 11).
A total of 5565 pairwise comparisons were performed on the 106 isolates within the NS5b sequence of 1093 bp. They were classified into eleven or six genetic groups with the ranges of isolate, genotype and group similarities listed in Table 4 . No clear separation of genotype from group similarity was achieved by the classification into either 11 or six genetic groups. The range of overlap between genotype and group similarities was 2n7 % in the classification into eleven genetic groups, a value much smaller than that of 4n7 % in the classification into six genetic groups.
Comparison within another NS5b sequence of 222 bp (Simmonds et al., 1993) , spanning nt 8313-8534 in the NS5b sequence of 1093 bp (nt 8279-9371), failed to distinguish genotype from group similarity, either in the classification into six or into eleven genetic groups. Furthermore, this comparison could not distinguish isolate from genotype similarity.
Discussion
There has been lack of agreement on how many genetic groups (types) HCV isolates should be classified into. We have proposed that HCV isolates may be classified into eleven genetic groups (Tokita et al., 1996) . However, our classification has been countered by a view that groups 6-9 and 11 should be regarded as variants of the same group , and put together to make a single type 6 (de Lamballerie et al., 1997 ; Mizokami et al., 1996 ; Simmonds et al., 1996) .
On the premise that genetic groups and genotypes of HCV should be characterized by the entire genomic sequence, we have determined the full-length sequence of one HCV isolate in each of the genetic groups 7-9. The sequence of the 3hX tail of 98 nt, constituting the stem and loop structure (Kolykhalov et al., 1996 ; Tanaka et al., 1996 ; Yamada et al., 1996) , was determined for the three HCV isolates of genetic groups 7-9, as well as for an isolate of group 6 (Th580), and was found to be well-conserved. A point mutation characteristic of groups 6-9 was found in the 3hX tail. Because of this conservation of sequence and secondary structure, the 3hX tail has been proposed to play a role in virus replication (Kolykhalov et al., 1996 ; Tanaka et al., 1996) . Primers deduced from the 3hX tail may be useful in the detection of HCV RNA by PCR (Umlauft et al., 1996) , and they would also be able to detect HCV isolates of genetic groups 6-9.
Phylogenetic analysis of the entire nucleotide sequences in the coding region of 33 HCV isolates indicated that they could be classified into either eleven or six genetic groups (1 ; 2 ; 3 and 10 ; 4 ; 5 ; 6-9 and 11). When sequences of the entire genome and subgenomic regions of the 33 HCV isolates were subjected to pairwise comparison for classification into genetic groups and genotypes, the NS5b region and a subregion of 1093 bp were found to be most suited for a clear separation of group from genotype divergence.
The NS5b sequence of 1093 bp was determined for 16 HCV isolates, and some of them were found to belong to novel genotypes such as 2j, 2k and 2l, as well as 4l and 4m. Then, taking the available sequence data, a phylogenetic tree was constructed within this region by the neighbour-joining method, which we preferred to the unweighted pair-group method (de Lamballerie et al., 1997 ; Mizokami et al., 1996) . The tree, built on 106 isolates in eleven genetic groups, revealed that genetic group 2 is far distant from any other group. Also, it indicated that groups 6-9 and 11 would have diverged from the same trunk and that there would be a close relatedness between groups 3 and 10, groups 8 and 9, and groups 7 and 11.
No clear separation between group and genotype similarity was achieved, however, in the pairwise comparison of 106 HCV isolates from 11 genetic groups of 36 distinct genotypes within the 1093 bp sequence. This may be accounted for by the far greater number of HCV isolates (106 vs 33). available for comparison within the NS5b sequence of 1093 bp than in the entire genomic sequence The negative effect of analysing larger numbers of HCV isolates on the clear separation of group from genotype divergence has been pointed out .
In order to evaluate whether or not groups 7-9 and 11 should be separated as individual groups or included as members of group 6, group and genotype similarities were calculated by pairwise comparison of 28 HCV isolates in groups 1-6 within the entire genome and subgenomic regions (Fig. 4) . Except for the well-conserved C gene and NS4a regions, there was a clear separation between group and genotype similarity in the comparison of the entire genome (coding region) or the other subgenomic regions.
The arrows in Fig. 4 indicate the extent of similarity in pairwise comparisons of each of the four HCV isolates in genetic groups 7-9 and 11 with an isolate in group 6 (EUHK2\6a) taking into account the fulllength sequence and subgenomic regions. All four isolates fell in the hiatus between group and genotype similarities in the comparison of the entire genomic sequence (coding region), as well as of NS5b and the NS5b sequence of 1093 bp. By contrast, for comparison of the other subgenomic areas, such as the E1 and E2\NS1 regions, the sequence similarity of the four HCV isolates in genetic groups 7-9 and 11 compared to group 6 was within group similarity. Sequence comparison within at least two subgenomic regions has been proposed as necessary for increased accuracy of genotyping (Simmonds, 1995) . Since sequence similarity is not necessarily constant over distinct subgenomic areas (Fig. 4) , discretion should be exercised in selecting any two subgenomic areas for genotyping. Fig. 4 . Classification of 28 HCV isolates into genetic groups 1-6, and the similarity of HCV isolates in groups 7-9 and 11 to the isolate in group 6 (EUHK2). Ranges of isolate, genotype and group similarity were determined for the entire sequence in the coding region and various subgenomic regions by pairwise comparison of 17 HCV isolates in group 1 ; three in group 2 ; four in group 3 ; one in group 4 ; one in group 5 ; and two in group 6. The similarity estimated by pairwise comparison between each of the four HCV isolates (groups 7-9 and 11) and the isolate in group 6 (EUHK2) is indicated by arrows.
The results of our analysis indicate that genetic groups 6-9 and 11 cannot be handled either as genotypes of the same genetic groups or independent genetic groups. This conclusion, obtained by phylogenetic analysis with the neighbour-joining method, is at variance with the statements of others who believe that genetic groups 6-9 should be classified as variants in group 6 (de Lamballerie et al., 1997 ; Mizokami et al., 1996 ; Simmonds et al., 1996) .
It should be noted that, as far as the comparisons of envelope genes are concerned (E1 and E2\NS1 regions), groups 7-9 and 11 would better be classified as individual groups, rather than different genotypes in group 6. The envelope protein determines serotypes, and high levels of sequence divergence in the envelope proteins cannot be disregarded because they would be reflected in distinct serotypes of HCV. Should genetic groups 7-9 and 11 turn out to have serotypes different from the others, the classification of HCV into eleven genetic groups should deserve further attention.
With the prospect that many more HCV isolates will be reported from different areas of the world in the future, new genetic groups of HCV may be discovered. In an attempt to classify newly sequenced HCV isolates into either distinct genetic groups or different genotypes in the same group, a consensus sequence of the NS5b sequence of 1093 bp was identified for each of the eleven genetic groups by comparison of 106 isolates. The eleven consensus sequences (one representing each genetic group) thus obtained diverged at the level of 17n2-30n6 % from each other. When they were compared with each of the 106 HCV isolates, those in the same genetic group were similar at the level of 85n5-98n3 %, while those in different genetic groups were only 67n3-83n6% similar. There were no overlaps between these ranges. Therefore, it would be possible to assign a new genetic group by a similarity less than 85n5 %, within the NS5b sequence of 1093 bp, in comparison with the panel of eleven consensus sequences representing groups 1-11. HCV is a rare virus for which many isolates have now been sequenced completely (at least 33 inclusive of those described in the present study). The sequences of genetic groups 7-9, and their comparison with those of the other genetic groups, have revealed some difficulties in classifying them into definite genetic groups, in a two-tiered organization. The validity of the classification, into either eleven or six genetic groups, has to be substantiated by studies in which virological, clinical and epidemiological differences are attributed to these groupings.
